INTRODUCTION
Firmly establishing whether or not long-period variations exist in solar output and in solar terrestrial relations is of fundamental importance in understanding the sun and solar wind and in our ability to predict variations in interplanetary and magnetospheric environments. However, there has been a great deal of interest and controversy concerning the reality of systematic changes in solar output in the frequency range of one or two cycles per century. This type of possible variation has been called, among other things, the Gleissberg variation, the "long cycle," the "87-year cycle," and the secular variation. The frequency range is particularly intriguing because on the one hand there are hints of such changes in the historical record and on the other hand the period is so long that it has been difficult to accumulate data adequately to test for such a variation. Furthermore, tests made on different data sets have resulted in conflicting conclusions.
STATUS OF THE PROBLEM
Recently, Feynman [1983] reviewed six data sets which had been used previously as proxy data for solar outputs to test for periodic changes in the 60-100 year period range. These data sets were chosen because in each case the relationship between the observed quantities and the solar wind was understood at least in principle. For this reason, data pertaining to solar-weather relationships were not included. The six data sets were the sunspot numbers since 1720 as an expression of the solar cycle, the aa index of geomagnetic activity, a postMaunder minimum auroral data set, a pre-Maunder minimum auroral data set, and two sets of •½C data. The different data sets are, of course, proxy data for different aspects of solar variability. The sunspot number is related to the photospheric magnetic field. The x'•C is produced indirectly by cosmic rays that have propagated through broad reaches of Copyright 1984 by the American Geophysical Union.
Paper number 4A0311. 0148-0227/84/004A-0311 $02.00 the heliosphere and so refers to properties of the solar wind throughout the heliosphere. Geomagnetic variations and auroral counts refer to solar output in a very restricted region of space, i.e., the ecliptic plane at 1 AU. Since the data sets are proxy for at least three different aspects of solar activity and solar wind, a periodicity in any one of these quantities does not necessarily imply a periodicity in the others, and disagreements exist among the results only when two analyses of proxy data for the same aspect of the sun and/or solar wind yield conflicting results.
The post-1720 11-year sunspot number cycles had relatively small amplitudes at the beginning of the 19th and of the 20th centuries, and these small amplitude cycles have been widely interpreted as being due to minimums in an 87-year periodic variation. Sonerr [1982] has recently run a maximum entropy power spectrum on these data and, as expected, found a line at an 87-year period. However, there are only 2« cycles of data at that period, and in our opinion that is not a long enough time series to establish a variation as periodic. The post-1720 frequency of auroral sightings in Sweden [Rubenson, 1882] and the geomagnetic variations as measured by aa [Mayaud, 1973] In this paper we carry the objectivity of the analysis of the medieval auroras further by Using a maximum entropy method (MEM) spectral analysis. This method has been shown to be superior to other meihods in certain cases in that the period of the variation can be determined very accurately [Ratioski et al., 1975] Although the spectrums are very stable, there are slight differences in the periods of the peak. In Figure 3 we have plotted the peak periods for 19 spectrums. Except for the four spectrums with 30 filter weights, all of the periods are longer than 87.5 years. Since the frequency determination is probably less accurate for 30 weights than for the higher weights, these four spectrums have not been included in the determination of the period. All of the 15 other spectrums show peaks, the periods of which lie in the range 88.4 4-0.7 years, and that value is adopted as our best estimate. There can be no doubt that the line found in our spectrums is real, and since there are 1000 years of data covering 11 cycles, the reality of the periodicity during these 1,000 years is firmly established. Although it appears to be difficult, if not impossible, to avoid concluding that solar output must also have displayed periodic behavior, it is not possible to identify the parameters that changed. The problems that occur in such an identification have been discussed elsewhere [Feynman, 1982] and will not be treated at length here. Suffice it to say that almost no studies have been done relating midlatitude auroral observations to solar wind parameters. We have only the general observation that high levels of geomagnetic activity are related to low-latitude auroral appearances. We also know, of course, that geomagnetic activity is associated with solar wind velocity and with southward interplanetary magnetic field, but the empirical relationship is still a matter of dispute [Holzer and Slavin, 1983 ; Kamide, 1983] .
There is evidence that the changes in solar outputs that take place in connection with the long cycle are quite different from those taking place because of the 11-year cycle. This was inferred from a study of auroral frequency from 1890 to 1935 at high geomagnetic latitude in Sweden [Silverman and Feynman, 1980] . The data from Karesuando (geomagnetic latitude 65.2 ø) shows both a well-marked variation with the long cycle and an equally clear 11-year variation. But whereas the number of auroras reported reaches relative minimums at each l 1-year cycle minimum, it reaches a relative maximum at the minimum of the long cycle. Since the frequency, position, and intensity of auroras is determined by solar outputs such as interplane{ary wind velocity and magnetic field intensity, it follows that the long cycle variation cannot be dominated by changes in the same parameters as those determining the l 1-year cycle.
Although we cannot definitively identify which solar outputs change during the long-cycle variation, we have shown that the long cycle in solar terrestrial relations is real and periodic, that it is present in 1000 years of auroral data, and ihat the period is 88.4 _+0.7 years.
